Abstract. This paper evaluates how efficient are the municipalities located in the most populous Italian Region (Lombardy) in providing essential public services: general administration, municipal and administrative police, waste collection, road network and street lighting. The empirical analysis is conducted through bootstrap Data Envelopment Analysis (DEA) on a sample of 331 municipalities with more than 5,000 inhabitants, and refers to the three years 2010, 2011 and 2012. The results highlight that there is room for substantial improvement of efficiency: the same level of output can be obtained while reducing the resources of about 33%. A second-stage truncated regression reveals that: the structure of population matters, scale effects do exist, and more financially healthy municipalities are also more efficient in providing essential services.
1
The public sector fiscal efficiency in Italy: the case of Lombardy municipalities in the provision of the essential public services 
Introduction and motivation
In a period of economic recession and austerity like the one in which Italy lives since 2008, the keyword for the government institutions is efficiency. As the economic recession has been lasting for several years, the necessities for the government to support the population in economic hardship and to restart the economic growth of the country are becoming more and more compelling. In this context, the Italian Government decided to implement a policy of spending review in order to find the necessary fiscal resources to accomplish the double objective of supporting the population in economic hardship and restarting the economic growth by saving some among those used by public administrations. However this spending review cannot be accomplished by simply reducing the most substantial items of expenditure, as it can negatively affect the quality and quantity of the services offered: thus the spending review policy implemented aims at improving the efficiency of public administration in the use of the available resources. To do so, an evaluation of how efficiently the public administrations are using the fiscal resources at their disposal is necessary: indeed, this will allow estimating the possible reduction of resources used that this administration will be able to accomplish maintaining the same level of service output. A thorough investigation needs also to understand which are the main factors that take the administration to obtain a certain level of efficiency instead of another in order to identify possible ways of improvement. This conceptual framework is coherent with the necessity of fiscal consolidation, which is at the hearth of economic debate in Italy since nineties (see for example: Giavazzi & Pagano, 1995; Alesina & Perotti, 1996; Perotti, 1996) . Besides, in order to accomplish the objectives set by the European Stability Pact, Italy developed a Domestic Stability Pact (DSP), that requires local authorities to contribute to the fulfilment of the national-level fiscal consolidation. In this view, this paper aims at contributing to this process of efficiency improvement by providing an empirical tool for evaluating the spending efficiency of local entities, in particular municipalities. Thus, the main objectives of this paper can be summarized as follows:
• to evaluate the cost efficiency of a sample of Lombardy municipalities in the provision of the essential public services; • to identify some factors (both environmental and related to the municipalities' features) which seem to have some influence on the level of efficiency; • to investigate the existence of structural differences in the average cost efficiency across Provinces (i.e. between municipalities operating located in different Provinces) and between small, medium and big municipalities. The type of efficiency that we measure is the so called "global efficiency", which aims at evaluating the level of performance of the Decision Making Unit (DMU) considered in respect to a set of representative services. The services we consider in this paper are the four defined as "essential" in the municipalities' balance sheet: (i) general administration, (ii) municipal and administrative police, (iii) waste collection, (iv) road network and street lighting. To measure the efficiency in the provision of these services, we use the current expenditures as inputs, and a set of representative proxy variables for these services as output. The sample includes 331 municipalities. About the second-stage factors, we identify several variables that can be classified in five groups: (i) characteristics of population, (ii) features of the municipality, (iii) economic and financial management and performance, (iv) political orientation (i.e. political party of the local government), (v) managerial models of the services. As methodological tool, we use the Data Envelopment Analysis with bootstrap procedure to determine the level of cost efficiency of our DMUs (following Simar & Wilson, 2000) and a second-stage truncated regression to detect the influential environmental factors. Compared to the existing literature about this topic, the present paper is innovative for three main reasons. Firstly, very few papers focused on Italian municipalities (see Boetti et al., 2010) and none specifically on Lombardy ones. Secondly, this is the first paper that considers the set of essential services to evaluate the level of global efficiency of Italian municipalities. Thirdly, in conducting the analysis, we rely upon the bootstrap version of DEA that is still rarely used in the international literature about this topic. The paper is organized in four sections. Section 2 follows this introduction, and provides a brief literature review. Section 3 is devoted to illustrate methodology and data. Section 4 presents the results, and discusses their managerial and policy implications.
Literature review
In recent years, the literature about the municipalities' efficiency evaluation experienced a substantial development worldwide, due to the increased attention of the governments to the improvement of their institutions' performance. Generally speaking, this type of literature can be classified into two main streams: (i) one that aims at evaluating the so called "global efficiency", where the Decision Making Units (DMUs, for instance: Regions, municipalities, states) are evaluated regarding to a set of typical services, and (ii) another which focuses on the evaluation of the DMUs' efficiency in the provision of one particular service, like for instance the local police, education, etc. Our study is inserted in the first branch of the literature, and our approach and methods consider three papers as benchmarks. Worthington (2000) considers a set of services for Australian municipalities that is somewhat similar to the one we considered, and employs both the main methods of analysis for this kind of studies, the Data Envelopment Analysis (DEA) and the Stochastic Frontier Analysis (SFA) -as we do in this work, providing also a series of analysis aiming at evaluating the robustness of results. The results show that the sample of Australian municipalities have an average level of efficiency of 69.9% according to the DEA and of 86.1% according to the SFA. Using ANOVA and Bartlett tests, and evaluating the correlation between the efficiency ranking provided by the two methods, the author shows that the results of these two methods follow different probability distribution and that the efficiency ranking provided are not statistically correlated. Moreover, the author implemented a second stage of analysis using a Tobit regression to detect those environmental factors, which seem to have some influence on the level of efficiency shown by the DMUs of the sample. The analysis carried out on the cost efficiency scores of the DEA and SFA showed different results, thus taking the author to conclude that the choice of the method of analysis influences also the process of identification of the influential environmental factors. The paper by is particularly interesting for the use of a method for detecting outliers, called "Jackknife procedure". As the DEA approach defines the efficiency frontier by enveloping the best-in-class DMUs of the sample, the presence of outliers in the sample leads to biased efficiency scores, thus reducing the accuracy of the analysis -in this context, detecting outliers is a crucial topic 2 . Although in the literature about the DEA the issue of outlier detection was previously discussed by some papers, the Jackknife procedure exposed in this paper presents three main advantages compared to the other methods: it is computationally 'light', it minimizes the need of human intervention, and finally it proposes three possible ways to identify a threshold to discriminate with good precision whether or not a DMU is an outlier. In this paper, we decide to use the Jackknife procedure as outlier detection procedure. Boetti et al. (2010) stands out as our main benchmark. The analysis is done on a sample of 262 municipalities located in the Turin Province with a population lower than 15.000 inhabitants (year: 2005) . The authors consider almost all the essential services we included in our study, thus providing useful information about the variables and data available in an Italian context. The cost efficiency of municipalities considered (those around Turin area) can provide an important benchmark for our results, even if they are not precisely related to those that our paper focuses on. Also, they use both the DEA and the SFA, thus providing also a comparison between the results of the two methods, and we opted for this approach too. In this case, the results obtained through the two methods were rather similar, and they show that the average level of inefficiency is between 22% and 28%, and that the optimum population size for the municipalities is between 2,000 and 5,000 inhabitants. Moreover, the authors implemented a second stage of analysis to identify some factors that seem to have some influence on the level of efficiency shown by the DMUs. In so doing, they used a Tobit regression on the results provided by the DEA and the Battese & Coelli (1995) procedure for the results provided by the SFA. The findings show that an increased fiscal autonomy, the presence of the Domestic Stability Pact, an incumbent centre-left coalition and the consortium management of the services have a positive influence on the efficiency of the municipalities, while high tax income seems to have a negative effect on the efficiency.
Data and methods

Data
Our main data source is a dataset collected through the use of a part of the Italian municipalities' balance sheet (Quadro 13), which is dedicated to a set of services called "essential" public services. These are: (i) general administration, (ii) local and administrative police, (iii) waste collection, (iv) road network and street lighting. These services are called "essential", because the legislator considers them as the core services that every municipal administration must provide to its citizens in spite of its dimension and financial means. In this perspective, we use these services as reference set to evaluate the global efficiency of the municipalities in our sample. Among the available indicators, we choose some that are able to measure -directly and indirectly -the output levels for these services (see table 1):
• distance covered yearly by police cars is the output for the local and administrative police service;
• the quintals of waste collected is the output for the waste collection service;
• the kilometres of municipal roads is the output for the road network and street lighting service. As a proxy for the output provided through the service "general administration", we follow the literature in choosing an indirect measure, i.e. the population residing in the municipal territory. Indeed, due to the miscellaneous activities which can be referred to the service of general administration, it is difficult to define an adequate direct output; many authors used the number of inhabitants of the municipality as a proxy, claiming that an increase in the number of inhabitants will certainly take to an increase in the output of the "general administration" service (i.e. through an effect of increasing the demand level). As inputs, we employ the expenditure for the various services, and we implicitly assume that all the municipalities face the same prices -therefore, this assumption is credible because salary levels are determined by collective national contracts and regulations, and the procurement processes are standardized, as much as possible.
[ Table 1 ] around here
The sample includes 331 municipalities located in the most populous Italian Region (Lombardy), and data refer to the years 2010, 2011 and 2012. The choice of analysing the context of the Lombardy region is because the high number of municipalities located in this region, and the variety of the morphological characteristics, ensure good variability within the data and so an interesting insight about potential efficiency's determinants. In selecting the sample, among the 1,547 municipalities in the Lombardy Region, we decide not to include in our sample all those which had not, in the reference time frame, a population constantly above 5,000 inhabitants (so, we restricted our sample to those with more than 5,000 inhabitants, which are subjected to the Domestic Stability Pact that imposes budget constraints on the municipal administrations). Some others DMUs have data that appear as not reliable, probably because of typing errors when compiling the original datasets. Thus, our preliminary sample is made of 426 DMUs. Then, we implement the Jackknife procedure for the outlier detection, and this procedure identifies 84 DMUs as outliers. At the end of this selection process, we remain with a sample of 331 DMUs. In the second stage of analysis we investigate the possible causes of the spending inefficiency. Following the literature in this field, we identify five main areas that could be of interest for the policy makers, and which can include indicators that are somehow able to "explain" part of the inefficiency: (i) the characteristics of population, (ii) some (structural) features of the municipality, (iii) the economic and financial management and performance, (iv) politics' variables, and (v) the managerial modalities for the services. For each of these areas of interest we propose a set of indicators (Table 2) IRPEF taxable income per capita, which is a proxy of the average income per capita -IRPEF is a progressive tax on all the income of a person. When focusing on the structural features of the municipality, we include Province dummies (for taking into account eventual efficiency differentials across them), variables about geographical conformation (for instance altitude as the range of altitude "Hills" or "Mountains", and an indicator of seismic risk), and the density of population. The economic and financial management and performance is measured through some indicators that could influence more closely the cost efficiency of the local administration. The management surplus per capita measures the ability of the municipality to spend less than its revenues and it means to test whether a higher cash surplus is directly linked to a higher cost efficiency level. The fiscal autonomy means to evaluate whether a greater independency from the grants received by the higher levels of government (i.e. Central Government and Region) actually increase the level of municipalities' efficiency. The propensity to invest per capita and the incidence of capital expenditures aim at measuring the effect of a higher level of investments on the use of the financial means in the provision of the services. The incidence of the proceeds of public services wants to evaluate how higher revenues different from taxes influence the spending efficiency of the local administrations. Finally, the speed of payment of current expenditures assesses whether a quicker paying of its obligations is directly linked to the efficiency of the municipal administration. We also consider elements related to the politics, such the major's gender and the political orientation of the government coalition, and the years that remain until the end of the municipal term. Lastly, about the managerial characteristics of the services, the variables refer to the different management forms according to which the public services can be provided. As we consider four different services, we only look at the management form for the service "waste management" to avoid an excessive number of these variables. Waste management is the mostly outsourced one, so it can represent a good proxy to study the impact of the different type of management forms on the level of efficiency shown by municipalities in the provision of the essential public services. The potential managerial forms are: (i) in house -this is the reference category not shown in the tables about results, (ii) service company (the service is carried out by a service company owned by the municipality), (iii) by concession (the service is carried out by an external private company to which the municipality gives the right to functionally manage and economically exploit the service), (iv) by consortium (the service is managed by a legal entity, the consortium, created to regulate and coordinate the activities carried out by the participant entities), and (v) others forms (such as Unions, associated management between more municipalities).
[ Sousa (2004) . It builds on the idea of "leverage", which measures the effect of the elimination of one DMU from the sample on all the other DMUs. To calculate it, one needs to perform a DEA on the whole dataset, which we supposed formed of K DMUs, to obtain the ! efficiency scores, where = 1, … , . Then the DMU i is removed from the sample and on this reduced sample another DEA is performed: so we obtain the !" * efficiency scores, one for each K-1 left DMUs. At this point, for the DMU i it is possible to calculate the leverage ! as follows:
Theoretically this value should be calculated for each DMU of the sample by removing each of them for the sample. However in cases where the number of DMUs is big, this procedure becomes computationally heavy, so the authors provided also a computationally lighter procedure, which combines the above described one with the Bootstrap (see Stošić & Sampaio de Sousa, 2004 , for technical details).
After showing how to calculate those leverage, the authors provide also three functions to define a threshold for the leverage value which will allow to discriminate whether or not a DMU is an outlier. Among these three functions, we chose to use the "heaviside step" one it appears to be the simplest and most precise one in discriminating. This function defines the threshold as = log ( ), where is the mean leverage of the sample and log ( ) is logarithm of the total number of DMUs. Given this threshold, the probability of a DMU to remain in the sample is:
In our study, this procedure is implemented separately on the data of each year, then the 84 DMU that are detected as outliers in at least one year, are eliminated from our sample.
Calculating efficiency scores: Bootstrap DEA and Malmquist index
In the empirical analysis, we opt for the DEA approach with Bootstrap procedure, following Simar & Wilson (2000) , and efficiency scores are computed assuming both constant and variable returns to scale, in order to be able to define also the scale efficiency of each DMU and study whether there exist an optimum size for the municipalities that enables them to obtain the maximum efficiency in the provision of the public services considered (for technical details about baseline DEA models, see Coelli et al., 2005 ; coherently with the most part of the previous literature in the field, we adopt an input-oriented approach, thus assuming that municipalities try to minimize the resources employed for producing a given level of output. As our dataset covers a multi-years period, we do not to limit ourselves to study what is the efficiency level of the Lombardy municipalities in each single year, but we also investigate whether there are some important change in the levels of efficiency or some technical progress over time. To do so, we use the Malmquist productivity index, which is an economical index that allows measuring productivity changes between two periods. In its input-oriented version, this index is so defined for each DMU:
In this formulation: --! e ! represent the output of the periods s e t; --! e ! represent the input of the periods s e t; --! ! ( ! , ! ) indicate the distance of the DMU i from the efficiency frontier defined by a input-oriented algorithm at period k, with k = s or t, given its inputs x and output y at period m, with m = s or t. The index can be defined alternatively through the following formulation, which allows showing the changes that this index measures:
In this formulation, the first element measures the changes of technical efficiency, that is the distance variation of DMU i from the frontier of the reference period, while the second element (the one within the brackets) measures the technical progress, that is the frontier moves. In this study, we use this second formulation in order to be able to discriminate the main cause of the possible productivity changes and in particular if there had been any changes in the average technical efficiency. As the input-oriented algorithm to measure these changes, we use the bootstrap DEA described above. The Malmquist index can assume every value in a neighbourhood of 1, where =1 indicates that there had been no productivity changes between the two period considered, < 1 indicate that there had been a decrease in the productivity level and values, and > 1 that there had been an increase in the productivity level between the two periods considered.
The truncated regression
In most of the papers about the efficiency evaluation, after a first stage where the efficiency scores of the DMUs are calculated, a second stage of analysis is implemented in order to try to the detect those environmental factor which could explain at least partially the efficiency level shown by the DMUs. In those papers, where DEA is used in the first stage, more frequently a Tobit regression is used in the second one; however in this study we decided to use the truncated regression instead of the Tobit, as we believe that a truncated distribution better fits to DEA results compared to a censored one 5 . The bias-corrected efficiency score provided by the Bootstrap DEA is the dependent variable, and the variables listed above in Table 2 are the covariates. Given the volatility of some variables across years, we implement the regression on a pooled dataset that considers the three years of data together.
Results and discussion
We present the results about the efficiency scores following three perspectives: average efficiency in the sample (by year), average efficiency by Province, average efficiency by municipality's size (in this last case, we divide the DMUs of the sample in to three groups basing on the number of inhabitants: between 5,000 and 7,500 inhabitants, between 7,500 and 12,500, >12,500) 6 . Table 3 contains the descriptive statistics of the estimated efficiency scores: specifically, under the label "technical efficiency" the statistics relative to the DEA VRS scores are showed, while under the label "scale efficiency" the scale efficiency levels are computed, defined as the ratio between the results of the DEA CRS (constant returns to scale) and the DEA VRS (variable returns to scale).
Efficiency scores
[ Table 3 ] around here
On the whole period, the analysed municipalities show an average level of efficiency of about 67%. As the orientation we selected for the DEA was the input-oriented one, this means that, on average, the selected Lombardy municipalities could offer to their citizens the same level of outputs by using a 33% less of inputs. Looking at Table 3 it can also be seen that the mean value of the technical efficiency is not constant over the period: in particular in 2011 it diminished compared to the 2010 value, while in 2012 it increased to a level a little higher than 2010 (it must be remembered here that they are relative, not absolute levels of efficiency, thus). Over the all period, the municipalities appear to operate very closely to their optimum size, and that the mean values of the scale efficiency do not show particular changes during the three years considered. With these efficiency results, we realise efficiency maps, which allow us investigating the existence of (geographical) clusters of municipalities showing higher or lower level of efficiency in the territory of the Lombardy region (see Figures 1-3) . In each map we can see the Lombardy region divided into the different municipalities territory jurisdictions. The 331 municipalities of our sample are highlighted with more intense colours, each of which refers to a particular interval of efficiency scores. What we can see from this maps is that there seem to exist clusters of municipalities with higher levels of efficiency in the south-east area of the region and in the area around Milan (the great municipality on the centre left of the maps), while clusters of municipalities with lower levels of efficiency can be found in the northern part of the region and in the northwest, southwest and east of Milan.
[ Figures 1, 2 and 3] around here 6 The three groups were defined in order to have for each group in each year approximately the same number of DMUs: this allowed us to investigate the existence of possible effect due to the population size of the municipalities without any possible bias due to the different number of DMUs in each group.
When considering the efficiency of DMUs by Province, we rely upon boxplots to investigate not only average values, but also the dispersion with each territory (see figures 4-6). In each graph, the mean efficiency value of the year is shown by the black line reported: this was inserted in order to enable us to make a comparison not only between one Province results distribution and another, but also between each distribution and the mean efficiency level shown by the whole sample. From these boxplot we can see that, over the whole period, the Provinces of Bergamo, Brescia, Cremona and Mantua appear to have most of their municipalities with an efficiency level higher than average, while the Provinces of Lodi, Pavia and Sondrio have most of their municipalities with an efficiency level lower than the average. These results seem to be partially in line with what we found out of the efficiency maps commended beforehand: in fact the Provinces of Brescia, Cremona and Mantua cover that area at the south-east of the region where a cluster of municipalities with higher level of efficiency appeared to exist, while the Provinces of Pavia and Sondrio include the area at the north of the region and at the southwest of Milan where there are clusters of municipalities with lower levels of efficiency. Although these methods of analysis are mainly qualitative, they give us a first insight on the existence of area where municipalities with higher or lower levels of efficiency seem to concentrate, and this justifies the inclusion of Province dummies in the quantitative second-stage. Each Province seems to have municipalities operating very close to their optimum size, with very little difference between one Province and another.
[Figures 4, 5 and 6] around here
In the table 4 we report the descriptive statistics of the efficiency scores, classified for the different municipalities' population size. About the technical efficiency, looking at the mean values we can notice that strong difference among the average levels of efficiency exist: indeed, the group of municipalities with a population >12,500 inhabitants has efficiency levels that are significantly higher than the other two groups, with an average difference of about 10%. Focusing on the other two groups, instead, we can see that the group of municipalities with a population between 5,000 and 7,500 inhabitants appears to be slightly more efficient than the group with a population between 7,500 and 12,500 inhabitants, which shows the lowest mean value in each of the three years considered. This finding suggests a relationship between the population size and the level of efficiency of the municipalities, that could follow a parabolic shape -i.e. the scale economies are decreasing when the municipality has a small population and then increasing when they reach a population over 12'500 inhabitants. In order to statistically support this point, we carry out a series of one tail t-test, that showed how in fact, the group of municipalities with a population size over 12'500 inhabitants appears to have a higher average level of efficiency than the other two groups at least at a 95% level of confidence in each year, while the group with a population within 7,500 and 12,500 inhabitants has always a mean level of efficiency statistically lower than the one of the other groups, except for the case of the comparison with the 5,000 and 7,500 inhabitants group in 2011, where the null hypothesis is rejected (results available upon request from the authors).
[ Table 4 ] around here
Efficiency over time: Malmquist index
After the DEA analysis, we carry out also an analysis using the Malmquist productivity index to evaluate the possible changes in the efficiency level or technological progress, that is changes in the production frontier, between each possible couple of years of our period of analysis. The results are in the Table 5 . In each couple of years considered, there are very little changes in the productivity level, as well as in the efficiency and technological levels. Thus, efficiency and technological levels of our sample are almost constant in the period. An indication from this finding is that three years is probably a too short period to detect substantial changes in the average efficiency and productivity levels. In the Table 6 , we decompose these results by groups based on the population sizes. Although the Malmquist mean values are all close to 1, it is interesting to observe that these values originate from a balance between the changes in efficiency and the changes in the production frontier. This is evident for two groups of municipalities:
• for those with a population between 5,000 and 7,500 inhabitants, which is the one with the lowest values of changes of efficiency in all the couple of years consideredwhich means that in all the periods there is a decrease in the efficiency level, but on the other hand it is the one with the more significant technological progress; • for municipalities with a population >12,500 inhabitants, they experience most important increase in the efficiency level, but it is also the group where there is the more evident decline in the production frontier. These findings give an important insight about the changes of efficiency and production frontier for the period of analysis: the municipalities that obtain the most important improvement of efficiency are those with the bigger population size, while the municipalities with the most important technological improvement are the smallest ones.
[ Tables 5 and 6 ] around here
Second-stage regression: the determinants of efficiency
In Table 7 , we report the results of the truncated regression on the pooled dataset (the results for year-by-year estimations are available on request from the authors). For what concerning the characteristics of the population, the statistically significant ones are: the percentage of population aged under 5 years old (Pop_0.5), the percentage of population aged between 14 and 18 years old (Pop_14.18), the percentage of population aged between 19 and 64 years old (Pop_19.64), the number of families (Fam) and the IRPEF taxable income per capita (IRPEF). Higher percentages of young population (<18 years old) affect positively the efficiency of the municipal administration in the provision of the essential public service. A potential explanation is that these groups of population demand higher levels of social and recreational services to the public administrations (for instance, kindergartens or gyms and playing fields); then there is an incentive for municipal administrators to be more careful in their spending for essential services, with the aim of leaving more money available for recreational activities. A similar reason could explain the positive sign for the coefficient of Fam: the more families dwell within the jurisdiction of the municipality, the more the administrators will be asked for services different from the essential ones. IRPEF taxable income per capita enters the regression with a positive sign; this variable is a proxy of the average income per capita of the municipal citizens, and the higher it is, this makes the municipal administrators more subject to the citizens' supervision. The proportion of population aged between 19 and 64 years old (Pop_19.64) is negatively associated with efficiency; this group of population is the one that generates income and consumption, on which the municipality is able to earn its income (through taxes), and the higher financial means they could have at their disposal can lead administrators to operate less efficiently, all else equal. Turning to the features of the municipality, the statistically significant ones are the population density (Dens) and the very low seismic risk (Very_low). Both indicators show a positive coefficient. In the case of density, this can be due to scale economies in the provision of the services considered (this is consistent with previous findings that refer to the population size group). In the case of the variable Very_low, instead, a possible explanation is that a lower seismic risk reduces the current (general) expenditures of the municipalities for taking antiseismic measures. Dummies for Provinces (not reported here) indicate that municipalities in Brescia, Cremona and Mantua areas have a higher level of efficiency in the provision of the essential public services, while those in the Provinces of Como, Lecco, Lodi, Milan, Monza and Sondrio have lower levels of efficiency. These results are consistent with previous descriptive statistics and with the qualitative evidence contained in the efficiency maps showed above. The variables that measure the economic and financial management and performance matter a lot, as almost all resulted to be statistically (the only exception is the speed of payment of current expenditures, which are not influential on efficiency differentials). The management surplus per capita has a positive influence on the efficiency of the municipalities, and this suggests that the administrations able to have a surplus are the more efficient ones in the provision of the essential public services. A higher fiscal autonomy, on the contrary, is associated with lower efficiency scores, and this can be because it induces the municipal administrators to be less subject to the supervision of the other government institutions able to check the efficiency level of the performance -so they are less careful in their spending 7 .
The variables (i) "propensity to invest per capita" (Investment) and (ii) "incidence of capital expenditures on total expenditures" (Capital) are tightly linked as both evaluate the effect on the efficiency of higher capital expenditure though they offer two different points of view. Investment obtained a negative coefficient, while Capital a positive one; while apparently puzzling, it can be seen that coefficient of the former is very small compared to the one of the latter. Although the coefficients do not represent an elasticity value, they give a good idea of the magnitude, and it could be concluded that, in general, the capital expenditures have a positive influence on the efficiency level of municipalities. Interpreting this finding, a municipal administration exposed to long-term expenditures would be more careful in managing the current ones, thus it would be more efficient in the provision of the public services.
Among the variables about politics, the only one that appeared to be significant was the centre-left government coalition, which seems be statistically associated, in a positive way, with efficiency. It is worth mentioning that in the model for the single year 2011 (not shown here) the variables Elections and Term appeared both to be significant, the first with a negative coefficient and the latter with a positive one. The year 2011 is special as most of the considered municipalities renewed its government institutions: this fact has an impact on the results of our analysis, as pointed out by these variables and by the lower level of technical efficiency showed by the DEA scores. In particular, the negative effect of the variable Elections is explained by that the expenses of municipality to held elections are accounted in the current expenditures of the general administration service, which is one of the input of our first stage analysis. When considering the managerial modes fort the services, it turns out that managing through an (external) service company is negatively associated with efficiency. This result should be compared with the reference mode, that is management in house -and should raise questions about the effectiveness of externalizing services, at least under the profile of costs.
[ Table 7 ] around here 5. Concluding remarks This study confirms that the debate on the efficiency of Italian local government should be the subject of further research. Indeed, efficiency gains or cost savings achievable by local authorities are considerable, in our estimates, these are in the order of 30%, and our sample comprises municipalities from a Region that is traditionally considered as relatively efficient. These results seem to support that local authorities do not operate in a fair (i.e. optimal) dimension, and in order to maintain a level of public services (in a mood of paucity of public resources) the territorial organization of local authorities should look for a new set. National and regional policies are trying to encourage the process of aggregation of administrative and productive services, through supporting forms of municipal cooperation. These policies are targeted primarily to smaller municipalities, which represent the vast majority of Italian local authorities, but they are not considered in the present researchwhich, instead, focuses on municipalities with >5,000 inhabitants. Thus, there is room for further study about technical efficiency and size, including smaller municipalities in the empirical analysis. Therefore, the very meaning of optimal size is trivial itself, at least for local authorities. The population is not the most suitable measure to determine the optimal level of public service provision, as it depends upon the characteristics of the municipalities' characteristics. Another intriguing issue concerns the relationship between fiscal autonomy of local authorities and their overall efficiency. The results presented here go in the opposite direction to the principle of responsibility, in that it seems that more autonomy is associated with lower efficiency. In the spirit of the recent institutional reforms in Italy, the cuts to central government transfers and the increase in local taxes are expected to increase operating efficiency of local authorities. Thus, a reorganization of local taxes and greater transparency in the management of tax bases is somehow desirable. Annex. Robustness check of DEA efficiency scores, using Stochastic Frontier Analysis (SFA) In this annex, we implement a parametric efficiency evaluation of Lombardy municipalities, using SFA: this allows checking the robustness of the results, by comparing the efficiency scores provided by the DEA and the SFA. In the previous contributions in the field, SFA is generally used to define an efficiency frontier based on a cost (expenditure) function, where the input prices and the output levels are employed for explaining the expenditure level. The error term is decomposed between the effects of measurement errors and the inefficiency: from this second part it is possible to deduce the efficiency level of the analysed DMUs. In this paper, we opted for a translog cost formulation, which in our case is defined as follows:
• where ln is the vector containing, for each DMU, the (log of) sum the current expenditures of each services; • α, β, γ are vectors of coefficients; • ! is the vector of the i-th output, where i = 1, ..., 4; • ( + ) are the two components which form the composed error term, where measures the effect of measurement errors and evaluates the inefficiency. In this formulation we did not include the input prices as we reasonably supposed that they were the same for all the considered DMUs, in fact by law the municipal employees' salaries are fixed and the municipalities may all access to the capital market at the same interest rate (recall that this is the same hypothesis we used in the DEA formulation). The results obtained from SFA are synthetically reported in the Table A1 . It can be noticed that the values of the descriptive statistics of the SFA scores, in particular the mean value and the standard deviation, are pretty similar to those of the DEA scores reported in Table 3 . Further, we calculate the correlations between the DEA and the SFA scores for each single year. The results are reported in the Table A2 . As we can see, the correlations are all above 0.4 and statistically significant, thus confirming that there is a pretty strong similarity between the results provided by the Bootstrap DEA and the SFA. This is a very important outcome as it supports the robustness and accuracy of the Bootstrap DEA method: indeed, one of the main advantages of the SFA model compared to the DEA is its ability to take into account and measure the effect of the presence of measurement errors in the data, thus the fact that there is a pretty high correlation between the SFA and the Bootstrap DEA scores suggests that, in the setting analysed here, Bootstrap DEA methodology is able to take into duly account the possible bias effect of errors in the data.
[ Tables A1 and A2] around here Table A1 . Efficiency scores obtained through SFA, descriptive statistics 
